This paper explores the role played by academic institutions in Bangalore and Pune cities of India. It shows that there exists a large variety of linkages between industry and academia in the two Indian cities; a hierarchy of institutions satisfies a hierarchy of local demands ranging from skills to new technologies. While labor market linkages continue to dominate, global and local changes are creating opportunities for knowledge based linkages. With enhanced competition and privatization of research and education, these linkages are bound to undergo significant change in the future and policy should facilitate this transition.
INTRODUCTION
Studies on University-Industry Linkages (UILs) in the US and European clusters 1 With enhanced competition and privatization of research and education, these linkages are bound to undergo significant change in the future and policy should facilitate this transition.
The rest of the paper is organized in four sections. Section 2 develops a framework to analyze the role of academic institutions in a city cluster. It delineates the variety of linkages that an institution can potentially have in a cluster and how these linkages may change with different developments in the cluster, in the rest of the economy and in the world as a whole. Section 3 briefly analyses the survey data of electronics and IT firms in three city clusters (Bangalore, Pune and the National Capital Region (NCR)) and in non-cluster regions to understand the perception of firms about the role played by academic institutions and their importance. The data collected from some academic institutions in Pune and Bangalore is analyzed in section 4 to bring out the variety of roles different types of institutions play in these regions. This section also explores the roles played by two well-known academic institutions in the region, namely Indian Institute of Science (IISc), Bangalore and National Chemical Laboratory (NCL), Pune. The final section makes some concluding remarks.
PLACING ACADEMIC INSTITUTIONS IN A CITY CLUSTER: A FRAMEWORK
Academic institutions interact with a city cluster in a variety of ways ( Figure 1 ). These interactions can be defined at two levels -linkages with other entities in the city cluster and the strength of activities that characterize these linkages. These may include: Availability of certain capabilities in the institution may lead to building of some of these linkages in the city cluster and exploitation of available opportunities. Specific needs of the city cluster can also result in the building of required capabilities at the institution level. In a dynamic sense, therefore, the city cluster and the institutions may co-evolve. Moreover, an Institution can also have similar linkages with entities outside the city cluster. The co-existence of "external" and "internal" linkages may create spillover benefits for the city cluster.
Capabilities of both the institution and the city cluster evolve differentially based on the strengths of these linkages. These linkages are characterized by a hierarchy of activities that vary by the extent of capabilities required to deliver them. The location of a linkage in this hierarchy defines the strength of this linkage. For example, an undergraduate engineering school which is not research oriented caters primarily to provide basic talent to the local market. A research-based engineering school may interact with local organizations, in addition to providing basic talent, on R&D projects. At the same time the ability of local entities to acquire and absorb knowledge from academic institutions may be critical for these linkages to build.
Labor Market Related Linkages
Academic institutions seek students and professionals for managing their operations, many of whom come from local communities (e.g., visiting faculty from industry). Similarly, students trained at these institutions become part of the regional labor pool. As city clusters become major academic centers, they attract better students and professionals from outside the cluster. In doing so, they expand the labor supply and bring new skills to organizations operating in the city.
Availability of such a large labor pool can potentially attract enterprises to the city. There can also be cases where academic institutions do not interact much with the local economy. This can partly be attributed to the state of the local economy in terms of the level of economic development and the structure of local industry.
Academic institutions also respond to emerging skill needs of existing organizations by establishing new programs and courses. New institutions focusing on these needs also emerge over a period of time. Different academic institutions typically cater to different kinds of skill demands. As cities evolve and develop, the mix of skill requirements from academic institutions undergoes a change. Given the complementarities between research and teaching, a research oriented academic institution is likely to provide a higher value of skill input. In other words, there exists a hierarchy of academic institutions that participate in the labor market of the city cluster.
Linkages for Demand & Supply of Goods & Services
Academic institutions create a demand for variety of goods and services which are required to run the institution. These may range from infrastructure to consumables to equipments. At the same time they may provide a variety of services to the city cluster like testing, training, certification, consulting, prototype development etc. Establishment of an institution also leads to demand for infrastructure to support the student population. 
ACADEMIC INSTITUTIONS AND CITY CLUSTERS: PERCEPTIONS OF FIRMS
In a recent survey 2 , firms in the Bangalore, Pune, the NCR clusters and some non-cluster areas were asked about the advantages they get by locating in the city where they operate. The data show that firms in both cluster and non-cluster areas perceive basic educational facilities, centers for technical education, consultancy services and technology development centers to be quite important. 3 Do firms see academic institutions as a significant advantage in a city cluster? Firms in both Bangalore and Pune clusters, rate access to skilled labor as the most important advantage (with a rating of 3.99 and 3.98 respectively on a five point scale) of locating in these cities (Table   1 ). This strongly recognizes the role of academic institutions as key suppliers of labor in the market especially in the knowledge sectors of IT and Electronics. Besides, cluster firms found the advantage of having access to specialized services like training, R&D services and facilities etc. to be quite high. Interestingly, here on average the Bangalore firms found this advantage to be slightly better than the Pune firms. Another interesting result is that firms in Bangalore and Pune seem to be better placed in terms of access to skilled labor and R&D institutions than the NCR region. As expected, firms located in cities where IT and electronics cluster do not exist (noncluster firms) are not as well placed in terms of all the three areas (access to skills, training and R&D facilities) as the cluster firms; their average score is significantly lower than those of the cluster firms.
Overall, the survey results suggest that as compared to other regions, Pune and Bangalore cities are better equipped to provide services that are typically provided by academic institutions.
While the role of institutions as a key source of labor is widely recognized, other linkages are formed as firms in a city cluster go up on the capability ladder or start to service complex order requirements of advanced customers. Therefore, higher perceived advantages of academic institutions among Bangalore and Pune firms could also be reflective of how the city clusters have evolved to date and may be indicative of the demand (and likely supply) for the nature of institutions and the accompanying capabilities.
CITY CLUSTER AND ACADEMIC INSTITUTIONS: CASES OF PUNE AND BANGALORE
As mentioned, changes in the composition of the city cluster can have a significant impact on the UILs. While no systematic documentation of the processes could be done, a few inter-related developments seem to be affecting the nature of the Bangalore and Pune clusters, which in turn are creating new impulses for UILs. These are: continuing globalization of IT markets, changes in the composition of the Indian IT sector, emerging globalization of drug development processes and significant changes in drug discovery and IT technologies.
Globalization and Deepening of Labor Markets
Changes in the structural characteristics of the market in a city can have a significant impact on the characteristics of local labor market. For example, "globalization" of IT markets can potentially lead to significant deepening of labor markets. Market deepening usually refers to the process where the market increasingly extends itself to new areas of human activity. Extending this idea, one can argue that as transactions in a specific market become more frequent, complex and diverse, one would say that market deepening is taking place. In a sense market deepening can be seen as a result of two simultaneously occurring phenomena. As market grows specialization takes place and diversity in the demand and supply of skills gets enhanced. We refer to this as the deepening process. But as demand for specialized skills grows, the market segment for each set of skills becomes large. The increase in scale for each skill segment makes its market "thick" as more and more entities demand and supply these skills frequently. Thus, thickening and deepening of markets can be seen as two interdependent dimensions of the market expansion process and in some sense market deepening encompasses the thickening of the market as well. 4 Academic institutions and city clusters need to be placed in the evolving process of labor market deepening as they can facilitate such deepening by satisfying emerging skill requirements and also supplying skills that would generate demand for specific skills in the future. Such market deepening processes can be quite important for the role played by academic institutions especially in IT and other science based sectors.
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So far, the development of the IT labor market in India has been essentially driven by the integration of IT related activities globally. Over reliance on the export markets for growth in the last decade has meant that growth in demand for low-end skills has dominated. 6 There has been a rapid increase in the offshore segment of the Indian software and services exports. 7 The transition from the onshore to the offshore model deepened the IT labor market in India as
Indian firms could now utilize the segmentation in the labor market to their advantage; workers with different skills can now be used for different tasks all of which were earlier done by high skilled workers onsite. The IT sector in India is also getting diversified in terms of domains (telecom, banking etc.) and slowly moving up the value chain. 8 Changes in composition of the IT sector combined with the offshore model can potentially create larger opportunities of employment for workers with different characteristics. Consequently, more people with different skill-sets and educational backgrounds can now participate in the IT labour markets.
Changes in IT and Drug Development Technologies and Emerging Collaboration Opportunities
Similarly, changes in IT and drug discovery technologies are changing global production and R&D structures creating opportunities for firms in India to participate in these emerging networks. This in turn can have an impact on UILs. For example, new technologies (especially the SOC based ones) 9 and convergence of different disciplines in drug discovery are creating opportunities in specialized high-tech areas 10 that many Indian firms have started to exploit, often with the help of academic institutions. 11 Since intellectual property would be important in such initiatives, an appropriate IPR regime and well defined rules regarding sharing of IP in academic institutions may increasingly become important. An appropriate IPR regime 12 combined with the above mentioned technological developments may also lead to creation of networks and alliances between firms having diverse capabilities on the one hand and educational institutions & public sector entities on the other.
Broadly then, technological change and globalization processes affect UILs as the skill profile of IT workers demanded undergoes a change with such developments. The important thing to note is that such transitions enlarge the skill requirements in the labor market and skill needs both at the low and high ends of the spectrum are expected to rise.
Emergence of Biotech and Diversification of Bangalore and Pune Clusters
Bangalore is the top ranking IT cluster in the country but Pune has picked up in recent years.
Some believe that it will soon become number two in the IT sector (De, 2004) . Both cities have a plethora of good engineering and other professional colleges. These educational institutions attract students from all over the country creating a vibrant student community and a talented labor pool (De, 2004) . 13 In recent years, these cities have emerged as premier bio-tech clusters in the country. The growth of bio-tech segment of the Bangalore cluster, which has about 80 firms, has been facilitated by the presence of many prestigious research-cum-teaching institutions in the city. While IISc has existed for several years, most of others have been set up in recent years, partly in response to emerging technological opportunities and industry needs. Group, Institute of Bioinformatics and Applied Biotechnology (IBAB) was set up to train bioinformaticians for the industry. In addition, a Bio-tech park is being set up to house an incubator facility, a common facility for shared instrumentation and a patent cell.
While IISc contributed significantly to the growth of the bio-cluster in Bangalore, NCL has provided a major advantage to the Pune cluster. In addition, the Pune University, with one of the best bio-informatics programmes in the country, has also played an important role. A bio-tech park is being set up in Pune as well and will house a pilot plant facility for start up firms to lease.
Both Pune and Bangalore clusters have diversified over the years. Pune region is emerging as a center that has firms in IT, bio-technology, pharmaceuticals, and auto-components. Bangalore covers IT and biotechnology, but also includes several other segments like telecom, machine tools, etc. There is evidence to show that diversity is on the rise even within sectors in both Pune 14 and Bangalore. 15 The presence of the large pharma sector in Pune is expected to further facilitate emergence of new firms in the areas of bio-therapeutics, diagnostics, and veterinary products. On both locations the interface between IT and bio-technology would further enhance the diversity. The educational institutions would play a significant role in the process.
Academia-Industry Linkages and the Hierarchy of Institutions in Bangalore and Pune
Given the discussion so far, it is obvious that different types of academic institutions have different roles to play in a city. The nature of linkages that they can potentially have is dependent on their own profile and the features of the city. It is difficult to fully characterize the hierarchy of academic institutions but we looked closely at 14 (7 each in Bangalore and Pune) to explore the dimensions that can define the elements of this hierarchy. Research versus teaching orientation can be an important dimension of this hierarchy. Institutions with very heavy teaching loads might not be able to devote resources for knowledge based linkages. It can be expected that institutions with similar profile (or at same level of hierarchy) are more likely to interact with each other. In order to facilitate the discussion of the linkages these institutions have in the city clusters, we follow the four-fold classification of linkages described in section 2.
Labor Market Linkages: The role of an academic institution in the local labor market is a function of its size and the kind of education it imparts. The skills imparted may be in any discipline like engineering, medicine, pharmacy etc. The level of education may be at the undergraduate, postgraduate or doctoral level; it can also offer diploma courses. Moreover, an institution may be specialized (e.g., bio-informatics, specific courses in IT) or general, offering a variety of courses (e.g., an engineering school offering courses in different branches of engineering). In addition to its regular courses, the institutions can also provide short-term training programs that are often specific to local industry needs. There can also be institutions which do not offer any teaching programs and only undertake research. Table 2 shows that among our sample institutions one does not offer any teaching program, while others offer a variety of courses, some only at a very high level (doctoral, as in Agharkar
Institute, Pune) while others offer a range of courses (e.g., IIIT, Bangalore offering IT courses at all levels). Although it is difficult to categorize the levels of skills provided, one can say that institutions that offer doctoral programs are offering higher end skills than those which offer other programs. Similarly, an institution offering post-graduate courses can be put higher up in the hierarchy than those which are offering only under-graduate programs. However, some specialized diploma and other courses may also be of a very high level. Interestingly, irrespective of the nature of education imparted, most of the institutions cater to the local labor market as bulk of their students work with city based domestic and multinational firms. However, a fair share of the students in many institutions also works outside the city (Table 3) . Thus, the participation of all these institutions in the local market is quite significant. The fact that a large proportion of students with relatively high skills (with post-graduate and doctoral education) are absorbed in the cities suggests that the absorptive capacity of the regions for such skills is high.
Demand for Goods and Services: The data on these linkages 16 shows that all institutions interact intensively for their equipment and other purchases with the city entities. Many of them buy things from outside the city while a few buy things from outside the country. Typically, institutions that are at the higher end of research activity also tend to procure their equipment and services globally. Despite limited research output and limited preparedness in terms of systems, the sample institutions in both Pune and Bangalore seem to have a variety of linkages with industry ( Table   5 ). Most of these linkages are localized to the city. The linkages captured in the survey seem to differ in following ways:
• Not all institutions are able to raise funding for the activities that they do with industry but some raise resources for virtually all such activities.
• For some, the linkages in the city cluster dominate, while for others both city and non-city based linkages are important. Very few have international linkages.
• While some institutions have high-end linkages for basic and applied research, others primarily undertake training, testing and proto-type development activities along with student projects.
Absence of institutional and policy incentives for researchers/institutions to build linkages, lack of research orientation among local firms and inappropriateness of research undertaken for the industry in the region were cited as the three most important reasons for lack of local linkages.
Overall, the results of the survey of 14 academic institutions suggest that these institutions interact with the city cluster in a rich variety of ways. Some are gearing themselves up to participate in such linkages in a more systematic manner. The hierarchy among the institutions seems to be important for the kind of roles that they can play. It is obvious that few are likely to Table 6 summarizes the linkages that IISc has built in recent years. Admittedly, we do not have information on all the linkages of the institution as we only had access to public sources. A few patterns are striking:
• IISc has a large variety of linkages in terms of technology and sectoral profile with entities within and outside Bangalore. The local linkages are quite prominent while they also have linkages outside the country.
• The institution has so far spun-out seven companies mainly in the areas of IT and a few in bio-technology.
• A large number of alliances and almost all the new ventures created by them are in areas that have been earlier identified as areas where the potential for collaboration is high namely drug discovery, biotechnology, semi-conductors, other specific IT related areas and combinations thereof (e.g., bio-informatics). Table 7 summarizes the nature of linkages that NCL has with entities in and outside Pune. Once again, the list is not exhaustive as it is based on publicly available information. The following aspects of these linkages seem to be significant:
• As in the case of IISc, NCL has a diverse set of linkages with entities in the city and outside, including foreign entities.
• As in IISc, a large number of alliances seem to be in areas of pharmaceuticals and biotechnology that were identified as potential areas of collaboration. There are also linkages to work on the boundaries of IT and biotechnology and chemistry, another area identified earlier.
• But unlike IISc, NCL seems to be working more closely with other academic institutions, particularly with those located in the city. This can partly be a reflection of the fact that unlike IISc, NCL does not have the diversity of disciplines under the same roof to undertake research in the areas that combine bio-technology, IT and chemistry etc. And consequently, they need alliances to get access to complementary capabilities for inter-disciplinary research.
• Another striking difference between IISc and NCL is the absence of spin-offs in the latter. This is quite surprising because NCL is far ahead of IISc in terms of patenting activity, a proxy (admittedly inadequate) of IP creation. This may partly be due to the "public sector"
legacy that NCL may have.
To the extent that joint publication activity is indicative of collaborative work, Table 4 provides some interesting insights on these two institutions. Interestingly, while international linkages are very strong, researchers at both NCL and IISc, the premier institutions of the two cities, seem to collaborate fairly strongly with other local academic and public research institutions in the city;
about 24 per cent of publications of these institutions had co-authors from other local institutions.
Overall, various entities (including firms and other research institutions) in the Pune and
Bangalore clusters (and outside) have been able to exploit the research capabilities of NCL and
IISc to tap the emerging entrepreneurial and research opportunities identified earlier. The coexistence of academic institutions and firms with requisite capabilities to tap such opportunities has resulted in such interaction to add value to the economic activities of the city clusters.
SOME CONCLUDING OBSERVATIONS
It is apparent that development in sciences & technology and changes in global production and R&D networks have created new opportunities for interaction between academic institutions and firms in India. The evidence from our limited survey suggests that academic institutions and other entities in Pune and Bangalore have utilized these opportunities to build linkages. However, only research institutions like IISc and NCL that have capabilities to exploit these opportunities fully. It is not surprising, therefore, that the two most vibrant economic centers in the country today happen to be Bangalore and Pune.
Our survey reveals a hierarchy of institutions in terms of the strengths of their linkages. Three kinds of institutions emerge: those that undertake only teaching (i.e., linkage through low-end labor market), those that do research and teaching (i.e., having linkages through all four varieties mentioned earlier) and those that focus on specialized research (i.e., linkages that are predominantly driven by knowledge generation and dissemination). For example, Sri Jayachamarajendra Educational Society and Pimpri Chinchwad College of Engineering would belong to the first category; IISC and IIIT would fall in the second; while NCL and Agharkar
Research Institute would be part of the third category. There exists, however, a hierarchy of institutions in each of these categories. Perhaps, it is the existence of this hierarchy (that may reflect institutional capabilities) that academic institutions in these city clusters rarely come together to advance these linkages collectively. NCL seems to have done somewhat better than others on this count with several collaborations with other academic institutions in Pune.
Overall, academic institutions of Pune and Bangalore interact with the city clusters in a rich variety of ways. Many are gearing themselves up to participate in such linkages in a more systematic manner. Our analysis suggests that as compared to other regions, Pune and Bangalore cities are better equipped to provide services that are typically provided by academic institutions. But even in these cities, the hierarchy among the institutions seems to be important for the kind of roles that they can play and the linkages that they can form. It is obvious that only few have the kind of knowledge base to undertake high-end knowledge networking activities with various entities in the city cluster. But segmentation within academic institutions is relevant to satisfy the variety of demands that emerge over time. However, some deepening of capabilities in different segments seems to be desirable. If knowledge based activities do pick up in a big way, institutions like IISc and NCL will not be able to cater to all requirements.
The Bangalore and Pune experience also broadly supports the idea that institution and industry co-evolve to take advantage of emerging opportunities that arise due to their co-location. Their however, is to design appropriate work environments & compensation packages that will attract talented young people to take up careers in academia. This will go a long way in alleviating the constraints on availability of "research-inclined" faculty in academic institutions, a prerequisite for formation of research based linkages. 2. These institutions had computed percentages or reported numbers of only those students whose information was available. We have assumed that the distribution of jobs by location for students whose information is not available is the same as of those whose information is available. A. Spin-off Activity in the City 
Linkages external to the city Cluster

